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a b s t r a c t
The present study was conducted to estimate dietary valine (val) levels to optimize growth
performance and processing yields of an early growth broiler strain fed a high protein diet.
A total of 1575 Cobb×Cobb 500 male broilers were fed a common starter diet to 21d of
age. From 21 to 42 days broilers were given all vegetable maize–soybean meal experi-
mental diets. A basal diet formulated with 6.4 g digestible (dig) Val/kg and a summit diet
with 9.7 gdigVal/kg, both having all other essential amino acids (AA) above recommenda-
tions,weremixed toproduce sevendietswithprogressive increments of 6 gdigVal/kg. Each
treatment had 9 replicate pens of 25 birds. Requirements of dig val were estimated using
quadratic regressions and the broken line model. Estimations of requirements were of 8.5
and 8.2 gdigVal/kg for body weight gain, 8.4 and 8.1 gdigVal/kg for feed conversion ratio
and 8.5 and 7.3 gdigVal/kg for abdominal fat yield using quadratic and broken-line models,
respectively. No differences among treatments were detected for carcass and commercial
cuts. The requirements determined in this study were higher than usually recommended
for broiler males from 3 to 6 weeks. However, the calculated ratios of dig val to dig lysine of
77%and76% for bodyweight gain and feed conversion ratio are similar to recentlypublished
data.
© 2011 Elsevier B.V. 
1. Introduction
Dietary synthetic amino acids (AA), such as dl-methionine (dl-met), l-lysine (l-lys) and l-threonine (l-thr), are used in
broiler production to lower diet costs while providing a better AA balance. The inclusion of supplemental l-valine (l-val) in
all vegetable maize–soybean meal feeds may further reduce production costs without altering performance objectives since
val is recognized as the fourth limiting AA in this type of diet (Corzo et al., 2007).
Few published studies on requirements of Val exist for broilers from 3 to 6 weeks of age. Moreover, some published
requirements have data which are not actually derived from speciﬁc studies, instead they are estimates based on values
obtained for other ages or species (NRC, 1994). Whereas there is an increasing interest in expressing essential AA require-
ments as a proportion to Lys (Emmert and Baker, 1997), recent investigations on Val requirements have been conducted
with late maturing broiler strains. Corzo et al. (2004) determined a total Val requirement of 7.3 g/kg (6.7 gdigVal/kg) for
Ross×Ross 308 broiler males from 42 to 56d. In a second study with the same strain, the estimated requirements for total
Abbreviations: AA, amino acids; BWG, body weight gain; CP, crude protein; dig, digestible; FCR, feed conversion ratio; FI, feed intake; lys, lysine; ME,
metabolizable energy; met, methionine; thr, threonine; val, valine.
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Val were 10, 9.5 and 8.5 gVal/kg (corresponding to 9.1, 8.6, and 7.8 gdigVal/kg) for the starter, grower and ﬁnisher feeding
phases, respectively (Corzo et al., 2008). With a different high yield late maturing broiler (Ross×Ross 708) estimations of
requirements from 3 to 6 weeks of age were of 7.4 gdigVal/kg for body weight gain (BWG) and 7.3 g/kgdigVal/kg for breast
meat (Corzo et al., 2007). Also for 3–6 weeks of age, Thornton et al. (2006) reported needs of 7.3 g total Val/kg BWG and feed
conversion ratio (FCR) for Ross×Ross 508 broiler males.
Differences in growth performance exist between different broiler strains. Early growth broilers, such as the Cobb 500,
are widely used in markets requiring lower body weights when compared to those late maturing broilers (Coneglian et al.,
2010; Dozier and Moran, 2001). Information on Val requirements are lacking in the literature concerning this type of birds
for all ages. The present study was designed to determine the dig Val requirement of an early developing male broiler (Cobb
500) from 21 to 42d of age.
2. Materials and methods
2.1. General broiler husbandry
Birds were managed according to the directives of the Ethics and Research Committee of the Universidade Federal do
Rio Grande do Sul (Porto Alegre, RS, Brazil). A total of 1575 one-day-old Cobb×Cobb 500 male broiler chicks were placed
in 63 pens (1.70m×1.65m) in an open-sided house having built up litter after two previous ﬂocks. Broilers were fed a
common maize–soybean meal mash diet until 21d of age [12.56MJ/kg metabolizable energy (ME); 232g/kg crude protein
(CP)]. Temperature at placement was 32 ◦C being adjusted to maintain bird comfort throughout the study. Lighting was
continuous until 14d with a 16:8h light:dark schedule used thereafter to 42 days. Water and feeds were provided for ad
libitum consumption.
2.2. Dietary treatments
Analyses were conducted for maize and soybean meal previously to experimental feeds formulation using a high per-
formance liquid chromatograph auto analyzer (Shimadzu Corporation, Kyoto, Japan) according to method 914.12 for AA
and method 954.01 for CP (AOAC, 1998). A basal diet with 3.3 g maize starch/kg and a summit diet with 3.3 g l-val/kg were
formulated to contain 6.4 and 9.7 gdigVal/kg, respectively. These two diets were mixed at different proportions to produce
the experimental treatments having 7 graded levels of Val, at 6 gdigVal/kg increments (Table 1). Composite samples of the
dietary treatments were analysed for AA (Table 2). Experimental diets were fed from 21 to 42 days of age.
2.3. Measurements
Feed intake (FI), BWG, FCR corrected for the weight of dead birds and percent mortality were weekly determined from 21
to 42d. At 42d, 10 birdswere randomly selected fromeachpen, fasted for 8h andweighed individually for on line processing.
Slaughter followed electrical stunning at 45V for 3 s. Birds were bled for 3min after a jugular vein cut, scalded at 60 ◦C for
45 s and had their feathers mechanically plucked. Evisceration was manual and carcasses were chilled through immersion
in slush ice for 3h. Carcasses were weighed (with abdominal fat, lungs and kidneys, but without viscera with adjacent fat,
feet, neck and head). Abdominal fat was removed from the carcasses and weighed. Carcasses were cut having the weights
of commercial parts as follow: deboned breast meat with the attached skin (Pectoralis major plus Pectoralis minor muscles)
and non-deboned thighs, drumsticks and wings.
2.4. Statistical analyses and design
The seven treatments were distributed in a randomized complete block design using a pen with 25 birds as the experi-
mental unit and pen location within the experimental facility as the blocking factor. Percentage data (mortality and carcass
yields) were submitted to arc sin square root percentage transformations prior to statistical analysis. Data were analysed
using the GLM procedure of SAS (2001).
Since analysed Val in the experimental feeds were higher than expected in the three lower Val diets, regression analyses
were done using analysed Val values rather than formulated ones. Transformations into dig AA were done using digestible
coefﬁcients fromRostagno et al. (2005) applied proportionally to the formulated feeds. Estimations of Val requirementswere
done at 95% of the plateaus of quadratic regressions. Broken-line analysis was conducted in parallel for the same responses
as suggested by Robbins et al. (2006).
3. Results and discussion
Signiﬁcant quadratic responses were observed for BWG, FCR and abdominal fat (Table 3). Estimations of dig Val
requirements obtained by the quadratic equations were: 8.5 g [BWG=−21.070 (dig Val)2 + 378.103 (dig Val) + 459.235;
r2 =0.84]; 8.4 g [FCR=0.0125 (dig Val)2 −0.223 (dig Val) + 2.677; r2 =0.84], and 8.5 g [abdominal fat yield =3.68687 (dig
Val)2 −6.61358 (dig Val) + 4.78612; r2 =0.79]. Estimations using the broken-line methodology for the same responses were:
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Table 1
Ingredient and nutrient composition of the experimental diets, g/kg as fed basis, unless otherwise stateda.
Ingredients Basal Summit
Without l-valine 3.3 g/kg of l-valine
Maize 670.3
Soybean meal (458g/kg crude protein) 239.1
Soybean oil 29.7
Dicalcium phosphate 20.5
Calcium carbonate 9.7
Sodium bicarbonate 7.3
Vitamin and mineral mixb 2.6
Choline chloride (750g/kg) 0.7
Sodium chloride 0.4
dl-Methionine (990g/kg) 4.2
l-Lysine HCl (780g/kg) 4.9
l-Threonine (985g/kg) 2.0
l-Isoleucine (990g/kg) 1.8
l-Arginine (990g/kg) 3.1
l-Tryptophane (990g/kg) 0.4
l-Valine (990g/kg) – 3.3
Maize starch 3.3 –
Calculated nutrient composition
AMEnc (MJ/kg) 13.18
Crude protein 175.7 178.3
Calcium 9.5
Non-phytate phosphorus 4.8
Sodium 2.3
Choline (mg/kg) 1700
Digestible amino acids
Arginine 11.6
Histidine 4.1
Isoleucine 7.6
Leucine 12.8
Lysine 11.0
Total sulfur amino acids 8.5
Threonine 7.4
Tryptophane 2.1
Valine 6.4 9.7
a Diets were formulated using digestible amino acids calculated from coefﬁcients taken from Rostagno et al. (2005).
b Supplied per kg of feed: vitamin A: 8000 IU; vitamin D3: 2000 IU; vitamin E: 30 IU; vitamin K3: 2mg; thiamine: 2mg; riboﬂavin: 6mg; pyridoxine:
2.5mg; vitamin B12: 0.012mg; pantothenic acid: 15mg; niacin: 35mg; folacin: 1mg; biotin: 0.08mg; Fe: 40mg; Zn: 80mg; Mn: 80mg; Cu: 10mg; I:
0.7mg; Se: 0.3mg; monensin sodium (CobanTM 40%, Elanco Animal Health): 0.275g.
c Apparent metabolizable energy corrected for N.
8.2 g [BWG=2150.20−59.719 (8.211−dig Val); r2 =0.85]; 8.1 g [FCR=1.693+0.033 (8.139−dig Val); r2 =0.80], and 7.3 g
[abdominal fat yield =1.8445+2.7634 (0.7334−digVal); r2 =0.93]. Feed intake,mortality andcarcassyieldswerenot affected
by treatment (Table 3).
Amino acid requirements derived by dose–response trials depend not only on the amount of dietary CP available for
growth, but also on how the CP was balanced in the test diets (Temim et al., 2000; Eits et al., 2003). There are indications
that the current AA recommendations are not sufﬁcient to allow the full expression of the genetic potential of current
broiler strains (Kidd et al., 2004; Vieira et al., 2004; Coneglian et al., 2010). Therefore, estimations of AA requirements are
Table 2
Crude protein (CP) and amino acid (AA) analyses of experimental diets, g/kg as-fed basisa.
Item Digestible AAb
6.4 7.0 7.5 8.1 8.6 9.2 9.7
CP 174.3 (175.7) 175.6 (176.1) 177.3 (176.6) 177.8 (177.0) 178.7 (177.5) 179.0 (177.9) 179.7 (178.3)
Arginine 14.3 13.7 13.8 13.7 13.2 13.4 13.4
Isoleucine 8.4 8.8 8.6 8.2 8.1 8.2 8.2
Leucine 14.5 14.6 14.3 13.9 13.9 13.8 13.7
Lysine 11.8 11.7 11.7 11.5 11.8 11.7 11.3
Total sufur AA 9.9 10.6 10.1 9.9 10.6 10.9 10.7
Threonine 8.3 8.1 7.8 7.9 7.8 7.9 7.8
Valine 8.0 (7.2) 8.3 (7.8) 8.7 (8.3) 8.9 (8.9) 9.6 (9.4) 10.0 (10.0) 10.5 (10.5)
a CP and total AA analysed values obtained from 2 pooled samples per treatment. Values within parenthesis correspond to CP and AA formulated values.
Formulated arginine, isoleucine, leucine, lysine, total sulfur AA and threonine were the same for all diets, as follow in g/kg: 12.1, 8.2, 13.8, 11.7, 9.0, 8.2.
b Digestible AA formulated values obtained with digestibility coefﬁcients of Rostagno et al. (2005).
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Table 3
Growth performance and processing yields of Cobb×Cobb 500 broiler males fed graded increases of valine from 21 to 42 days of agea.
Dig Valb, g/kg BWGc, g/d FCRd, g/g Feed intake, g/d Mortality, % Carcass and cut yields, g/kg
Carcass Breast meat Abdominal fat
7.1 99.1b 1.733b 171.8 0.67 786 316 21.0 a
7.4 100.5ab 1.704ab 171.3 1.00 786 315 19.4 ab
7.9 100.6ab 1.709ab 171.8 1.11 787 319 18.3 b
8.1 102.7a 1.691a 173.6 1.22 791 317 18.6 b
8.8 102.8a 1.691a 173.8 0.56 788 313 18.8 b
9.2 102.1ab 1.691a 172.6 1.00 787 313 18.5 b
9.7 102.3ab 1.695a 173.4 0.67 790 315 18.0 b
S.E.M. (n=9)e 0.84 0.008 2.64 0.12 2.86 3.6 0.75
ANOVA P-value 0.02 0.01 0.85 0.71 0.80 0.61 0.13
Regressionf
Linear r2-value 0.60 (0.04) 0.54 (0.06) – – – – 0.62 (0.01)
Quadratic r2-value 0.84 (0.02) 0.84 (0.02) – – – – 0.79 (0.02)
Broken-line r2-value 0.85 (0.02) 0.80 (0.04) – – – – 0.82 (0.01)
Requirement, g/kg
Quadratic regressiong 8.5 8.4 – – – – 8.5
Broken-line 8.2 8.1 – – – – 7.3
Means within the same column without common letters differ signiﬁcantly (P<0.05).
a Growth performance data represent the average of 9 replicate pens of 25 birds/pen at the beginning of the experiment. Carcass data were obtained
with 10 broilers randomly taken from each pen.
b The values result from data from feed analyses and digestibility coefﬁcients of Rostagno et al. (2005).
c Body weight gain.
d Feed conversion ratio corrected for mortality.
e S.E.M. values for percentage data (mortality and carcass) are from ANOVA of actual percentages, whereas probabilities are based on arc sin square root
transformation.
f Values within parenthesis correspond to regression P-values.
g 95% of the maximum or minimum value.
largely dependent on the amount and quality of dietary CP. In this study, requirements of dig Val were higher than recent
estimations for similar life periods. However, higher AA densities were used, which led to greater BWG values (from 21 to
42 days averaged 2.1 kg compared to 1.3 kg in the study from Corzo et al. (2007). Estimation of optimized ratios of Val to
Lys was not done because diet formulation was not sub-marginal in Lys to ensure that broilers did not over consume this
AA. However, to compare with available Val to Lys ratio recommendations, Val to Lys ratios can be calculated utilizing the
optimized dig Val obtained in the present study (77% for BW, 76% for FCR and 77% for abdominal fat). These values are close
to the recommendation of 78% obtained for high yielding broilers for the same period by Corzo et al. (2007).
Increases in Val concentrations did not affect the percentage of carcass and commercial cuts of the broilers, although
abdominal fat was reduced as Val was increased. The ﬁrst three limiting AA in maize–soybean meal diets for broilers exhibit
clear effects on carcass post-slaughter responses; however, with less limiting AA, such as Val, this is less frequent unless
a very low level is used (Leclercq, 1998). The lack of response for processing yields in the present study may have been
associated also by the higher calculated than analysed Val values for the diets with the three lowest Val levels. Therefore,
Val deﬁciency was not as clear in the diets with a greater Val deﬁciency to allow these responses to be detected.
4. Conclusion
Estimations of requirements of dig Val to optimize BWG, FCR and abdominal fat of Cobb×Cobb 500 male broilers from
21 to 42d when using high AA diets from 21 to 42 days of age and based on quadratic adjustments are: 8.5, 8.4 and 8.5 g/kg.
When the broken line model is used the recommendations are of 8.2, 8.1 and 7.3 gdigVal/kg.
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